S
etting population target levels (PTLs)-the numbers of organisms we want to save-is a bugaboo of conservation (Tear et al. 2005) . Many scientists prefer to leave the setting of desired numbers in the realm of policy, and many politicians look to scientists for an objective estimate of how many are enough (Soulé et al. 2005 , Svancara et al. 2005 . Businesses that garner profits from wild animals often can't have enough (McShea et al. 1997) ; other businesses for whom wildlife is an expense would prefer to see none at all, or only few and far away (Decker and Purdy 1988) . Traditional people value wildlife as part of their culture, to entertain outsiders and to eat (Robinson et al. 2005) . Conservationists sometimes fear setting target levels too low (e.g. Soulé and Sanjayan 1998) , other times too high (e.g. Scott et al. 1995) , or, in the cynical view of some of their critics, setting levels that might actually be achieved, removing the conservationists ' raison d'etre (Reagan 1971 , cited in Simberloff 1988 . Some advocates of saving wild species see no reason to set target levels at all. Economists give no normative concept of how much income is enough (Friedman 1953 )-by analogy, some advocates argue, why should people who love nature say how much nature is enough (Revkin 2003) ?
Setting PTLs leads us into the murky realm between the impractical ideal and the unsatisfactory compromise, between our "subjective" values and our "objective" science, between our politics, our pocketbooks, and our spirits. Governmental and nongovernmental organizations that seek to conserve some parcel of nature, implicitly if not explicitly, set goals for their conservation efforts, and in the case of wildlife conservation, these goals often lead to population target levels for particular animal species. How many grizzly bears should there be in Yellowstone National Park? How many wildebeests are enough in the Serengeti? Are there too few wild tigers in the world? My aim here is to compare the different goals and approaches people have used to set PTLs, to illuminate the similarities and contradictions among them, and to find a path of reconciliation.
Setting PTLs is difficult, given the uncertain sociopolitical, ecological, and economic realities of 21st-century Earth. However, setting explicit target levels is important, because scientists, managers, and policymakers need to make wise choices about our natural resources and justify these choices to skeptical audiences, especially given competing demands and limited funds. We need to know when conservation efforts are successful, and at what cost, so that the funds that exist can be applied where there is the greatest need and where they can have the greatest effect (Groves 2003) . Setting PTLs also helps us set other conservation goals at a site: How much land or water needs protection? How much harvest can be allowed? Which threats, and which stakeholders' concerns, need to be addressed first? PTLs provide a benchmark for measuring conservation efforts and give transparency and legitimacy to conservation decisions. Finally, setting PTLs allows us to recognize the tattered fabric of nature that is our inheritance (Sanderson et al. 2002a ) and highlights the constraints that the current state of nature places on expression of our diverse human values (Gilpin 1996) .
Approaches to setting population target levels
The different values that people bring to animal conservation lead to different goals for animal populations and different approaches to setting PTLs. Before considering these values and approaches, however, it is necessary to clarify the vocabulary I use in discussing goals, targets, and target levels.
A brief note on vocabulary. Conservation planners refer to the purpose of their conservation efforts as the "goal" or "vision" and call the entities they seek to conserve "targets" or "features." The desired number or quality of the targets is the target objective, also described as a "target goal," "level," or "desired state" (Groves 2003 , CMP 2005 , Tear et al. 2005 . There is no consensus in the literature on a single terminology, however. The Conservation Measures Partnership (CMP 2005 ) attempted a "Rosetta stone"to translate between the specialized jargons that different conservation organizations use and then suggested a common parlance. A somewhat different terminology is used in the systematic conservation planning literature, primarily from Australia and South Africa (Margules and Pressey 2000) . Groves (2003) uses a slightly different set of words. This paper does not attempt to sort out all the differences, but instead defines its terms in relation to these other systems (table 1) .
This article is about the many ways in which people might determine the desired number of individuals for a single population of a nonhuman animal species. I use "goal" to describe the purpose for which populations of animals are conserved; "conservation target" to describe the entity to be conserved (the animal population); and "population target level" or "PTL" to describe the desired population size, in terms of number (and sometimes density) of animals. The method for setting the PTL will be called an "approach." Conservation goals for a species may also include how many populations of a species to save and their distribution (Sanderson et al. 2002b) ; however, those topics are not considered here.
By "population" I mean a group of individuals of the same species with the potential to interbreed. In practice, populations can be difficult to define; nevertheless, the population is a commonly used unit for the conservation of species, both in species-level conservation planning and as the basis for legal protection (as, for example, in the US Endangered Species Act). Government and private entities entrusted with the management of animal populations around the world set desired PTLs and then attempt to manage human activities, animal populations, and habitat factors to reach those levels (Caughley and Sinclair 1994) . In most cases, the setting of a PTL depends on who benefits from a proposed target level and how.
Who benefits? I assigned approaches for setting PTLs to three broad categories that differ according to the intended beneficiary (table 2) . Although I will argue later that these categories collapse into one, for the moment it is useful to think of PTLs as primarily benefiting the animal population itself (population-based approaches); some other, nonhuman aspect of the ecosystem (population-as-surrogate approaches, or "surrogate approaches" in shorthand); or us (humanoriented approaches).
Population-based approaches
Population-based approaches to setting target levels seek to conserve some quality or condition of the population itself, such as its evolutionary potential, its long-term survival, its function in its ecological community or ecosystem, or its social dynamics. These kind of approaches might also include setting a target level based on past abundances or seeking the largest possible population.
Evolutionary potential. For adaptation to occur, there must be sufficient genetic diversity within the population so that at least Frankham (1995) showed the ratio N e /N to be approximately 10% in most cases. A low effective population size can lead to Allee effects, in which decreased population density is associated with decreased per capita growth rates, resulting in insufficient numbers of individuals or insufficient densities to maintain a population (Ridley 1993) . Population genetic models can be used to estimate how large an effective population size must be to ensure genetic diversity over time and thus evolutionary potential (Simberloff 1988) . For example, one rule of thumb is to keep inbreeding below 1% per generation. This rule requires an effective population size of 50 individuals (because the inbreeding coefficient F is 1/2 divided by N e ). Another way to avoid inbreeding is to ensure that new genetic material is added to the gene pool over time. Mills and Allendorf (1996) suggested, as a rule of thumb, that one migrant per generation would ensure continued genetic diversity for most populations.
Another rule of thumb arises from the study of mutation frequency in Drosophila (cf. Simberloff 1988) . Studies have suggested that a population of 500 individuals will gain the same number of alleles from mutations as are lost by genetic drift per generation (given a number of assumptions). Both of these "magic numbers," 50 and 500, have subsequently been abandoned in favor of population viability analysis, which can consider both genetic and demographic factors and typically leads to much higher PTLs. A recent variant on these rules of thumb was Czech's (2005) "order of magnitude approach," developed to assess species conservation success in the US National Wildlife Refuge System. Demographic sustainability. Demographic sustainability, or population viability, is often seen as the lowest common denominator for determining a PTL, because most conservation efforts seek to avoid extinction at least. Because the demographics of populations have been long studied by ecologists and are amenable to mathematical modeling, a family of related tools, under the name population viability analysis (PVA), has been developed to model the future sustainability of populations. PVA models can include not only demographic effects but also genetic considerations and environmental stochasticity (Beissinger and McCullough 2002) .
PVAs have been used to estimate a minimum viable population (MVP) (Shaffer 1981) , a PTL that enumerates the smallest population size sustainable over a long period (typically defined as 100+ years or 40 generations) at a given probability (typically 90% or 95%). Though minimal, MVPs can still be quite large. Brook and colleagues (2006) recently published a review of MVPs for 1198 species calculated using five different estimators; they found that the median value across species was 1377 individuals, that the distribution of MVP values was broad and positively skewed, and that the MVP sizes were not correlated with life history characteristics. Another review argued that as a rule of thumb, conservation efforts should aim to protect habitat for at least 7000 adults to ensure demographic sustainability (Reed et al. 2003) .
The tools of PVA can estimate more than the minimum, however. Researchers can use these same tools to establish what demographic parameters might be required to achieve a desired PTL (including those with goals beyond demographic sustainability) and direct management actions to achieve those demographics (Beissinger and McCullough 2002) .
Ecological function. In some cases, animal populations may persist at levels that are demographically sustainable but ecologically dysfunctional; such populations are described as "ecologically extinct" (Estes et al. 1989) . A population could be functionally extinct but still extant in a number of ways: Its range might have almost entirely collapsed or its abundance might be only a shadow of its former level, yet the population could still be viable. Studies of ecological extinction and worries about the functional consequences for populations conserved only to a minimally viable level have led to calls for "ecologically effective" (Soulé et al. 2003) or "ecologically functional" populations (Redford and Feinsinger 2001) . These population target levels are set high enough so that the population interacts strongly with other species and ecosystem processes (table 3). In the case of a keystone species, the structure of an entire ecological community may depend on these strong interactions (Paine 1966) .
Calculating an ecologically functional PTL a priori is difficult, because most ecological functions respond to the density (rather than the size) of a population, because most species have many different kinds of ecological functions, and because species share ecological functions ("functional redundancy" within the community; O'Brien et al. 2005) . The problem may be easier if a reference population can be found: for example, a population in a well-managed protected area where the major ecological interactions can be measured and the population censused (Berlow et al. 1999 ). It may also be possible to adaptively manage conservation efforts while simultaneously monitoring key ecological functions of the population, until the functions, and thus the population, reach the desired level (Walters 1986 ). Modeling can also help. Peery and colleagues (2003) described "ecologically defensible recovery goals" for Pacific salmon by using isotope analysis to estimate the numbers required to provide marinederived nitrogen to watersheds in the western United States. O'Brien and colleagues (2005) combined population modeling and empirical data to approximate the density of seed dispersers necessary to maintain population structure in two Southeast Asian tree species.
Social dynamics. Some conservationists seek to maintain social dynamics for species, especially for those that gather in spectacular aggregations for breeding or migration. Although it can be argued that these behaviors may be preserved by seeking demographic sustainability or ecological functionality, ethological studies showing how behavior and social dynamics change with population size may identify other population thresholds necessary for certain desired behaviors (Anthony and Blumstein 2000) . Some of the best examples come from reintroduction studies with long-term monitoring programs where the emergence of different behaviors can be linked to increasing population size (Tear and Ables 1999, Kierulff et al. 2002) . As with ecological functions, some behaviors may be density dependent (table 3) and therefore require densities to be specified.
Historical baseline. Historical baselines are often used in combination with other information to set PTLs for ecological restoration efforts (Egan and Howell 2001) . Although specific time points can be selected to guide restoration, restoration ecologists today are more likely to stress the restoration of processes that result in population sizes within the "natural ranges of variability" (Landres et al. 1999 ), citing times when humanity as a whole had significantly less impact on the natural world than it does today. We know that populations of some species were remarkably, even incredibly, higher in historical times; these past numbers of wildlife may be difficult to imagine because our "baseline" ideas about what is possible have changed so much (Jackson 2001) .
Setting PTLs based on historical baselines can be a difficult task. Historical records are subjective documents and often difficult to interpret. There is the inherent danger that historical accounts may be exaggerated for nonbiological reasons (e.g., attracting settlers to a new area) or misleading because localized abundances are extrapolated over broad areas. Nevertheless, an increasing body of literature and a diverse set of techniques suggest that historical ecology can reconstruct "reference ecosystems" that could inform PTLs if used with care (Egan and Howell 2001) . Such techniques include analyses of historical maps and accounts, archaeological studies, examination of natural records such as tree rings and packrat middens, and genetic techniques.
Maximum. The simplest PTL is the maximum population, or, more realistically stated, the maximum possible population given the constraints of the environment. From an evolutionary perspective, the maximum is exactly what most populations are seeking to reach. Some conservationists, when asked, have said they are working for "as many animals as they can get," given the carrying capacity and level of threat that can be mitigated.
Knowing what the maximum might be is more difficult. Although ecologists commonly estimate a carrying capacity as part of logistic modeling of population dynamics (Caughley and Sinclair 1994) , estimation of a carrying capacity without reference to a historical baseline or to a population living in a well-protected environment can be difficult. As a rule of thumb, one could conduct censuses of relative abundance and, as long as an upward or level trend is detected, infer that conservation efforts are succeeding.
Status quo. The easiest way to define a PTL is to set the desired level at the current level. This might not seem very ambitious, but it has been used with surprising frequency, even for endangered species (Tear et al. 1993) . Setting the status quo as a target level is straightforward. The latest survey sets the target level, and subsequent monitoring of abundance establishes loss or gain relative to the baseline status quo.
Population-as-surrogate approaches
Some approaches use populations of animals to conserve something else, either directly, like a place, an ecological community, an ecosystem, or a landscape, or indirectly, through mitigation of general threats or as an emblem of nature. Conservation of the population represents in some way conservation of a larger set of conservation targets. Such approaches have been promoted as efficient (saving some will save all) and criticized for being imperfect (saving some will not save all).
Place representation. Much of conservation is place based, focused on national parks or other kinds of protected areas. In such cases, conservation of a species may be primarily about the place: Managers may set a PTL, for example, by estimating how many of a given species can fill a protected area without the population going beyond the boundaries of the area. Animal populations in national parks in the United States are managed essentially this way (NPS 2001 ). The problem is that most parks are too small to contain populations of some wide-ranging species (Newmark 1996) . Even a park at carrying capacity for a species may have insufficient numbers for long-term sustainability of the population. Setting a place-based PTL is essentially the same as working toward maximum within a local area, recognizing that the filled place may be a source supplying sinks in the surrounding landscape, especially if the boundary is permeable (Halpern 2003) .
Ecosystem representation. Species are also used to represent other species and the ecosystems they inhabit. The presumption is that an effectively conserved population provides an "umbrella" of conservation for other species and ecosystems in the same area (Wilcox 1984) . Andelman and Fagan (2000) and many others have challenged this presumption on distributional grounds, however, because the distribution of one population is highly unlikely to cover completely the distribution of all other species in an area. As a result, umbrella populations are best used in suites of complementary species (Coppolillo et al. 2004) , where a small number of species populations can better represent the larger ecosystem. Setting a PTL for an umbrella also depends on what "effectively conserved" means. For example, levels above demographic sustainability might be required if the population is going to extend its umbrella into less desirable (or even sink) habitats.
Environmental health indicator. Sometimes populations of animals are used as measures of the health of the environment more generally. Indicator species, like the proverbial "canary in the coal mine," inform us through their success or demise of the state of nature around them (Carignan and Villard 2002) . PTLs that are used to indicate level of degradation or threat should be based on the population size in the absence of that threat, which could be determined through comparison with a reference state (e.g., an ecologically similar, effectively protected area) or surveys completed before the threat was present. Analytical solutions that model the mitigation of negative human influence and estimate populations based on potential habitat maps and other proxies could also help establish the PTL.
Rallying point. Because people have strong affection for some kinds of wildlife, those animals can be used to galvanize conservation efforts as flagship species (Johnsingh and Joshua 1994) . The question then arises: How many individuals of a flagship species do we need? Some at least, it seems (an extinct flagship species is problematic); presumably one needs enough to maintain demographic sustainability and to provide at least an occasional opportunity for viewing by their devotees, though for some people even this may not be necessary. Because species used as flagships are mainly advertising tools that serve as symbols for the importance of nature, marketing surveys might help determine what the appropriate PTL might be. Depending on the audience, rallying-point PTLs may be similar to other surrogate-or population-based, ethical, aesthetic, or spiritual target levels.
Landscape representation. Animal populations have been used to identify and characterize landscape structures and functions important not only for the species but also for other species and for the landscape as a whole (i.e., landscape species, sensu Sanderson et al. 2002c , or focal species, sensu Lambeck 1997). The landscape species and focal species concepts are different amalgams of the umbrella species, indicator species, and ecologically functional species concepts. A PTL for a landscape species, for example, should allow the specieseither singly or in a suite-to play its representative role, to respond numerically or spatially to threat alleviation, and to maintain its landscape-scale ecological functions. To establish such a PTL, we might refer to the landscape species living under reference conditions in the absence of threat (e.g., in a large, effectively managed protected area). If such cases cannot be found, then historical references might supply information. Spatially explicit PVAs or reserve design selection techniques, modified to accept desired densities based on functional goals (as described above), might provide another way forward. As with other PTLs based on function, densities will have to be specified.
Human-oriented approaches
The primary reason that people conserve animals is because it is in their interest to do so. Animal populations confer economic, cultural, aesthetic, spiritual, and ethical benefits on human societies. In some cases, though, these benefits may be outweighed by perceived costs. The result may be persecution, not conservation.
Deliberate extirpation. Sometimes people don't want anything to do with certain populations of animals (Decker and Purdy 1988) . Although technically not a conservation target level, zero tolerance for some species does affect discussions about desired population levels. Typically species that directly threaten people (e.g., man-eating lions) or exert economic costs (e.g., weevils and wolves) are unwanted; many are actively persecuted at great expense. However, human tolerance for animals is complicated. In some cases, people with little wealth manage to live with very dangerous animals (e.g., elephants in parts of Africa and Asia); in other cases, belief structures and social identities, some carried over from earlier times, amplify the unacceptability of some species, even when the social and economic costs are proportionally small (e.g., wolves in Wisconsin). In any case, the real costs of extirpation need to be balanced against the real costs and benefits of the species' presence. Setting the PTL for extirpation is easy: It is "none," or at least "none detected." Economic benefits. People derive economic benefits from use of wildlife; many of these benefits depend on population size. Many harvestable species have quotas for off-take based on population sizes set by maximum sustainable yield (MSY), wherein specialists use demographic models to determine the population level that provides the maximum number of harvestable individuals while allowing the population to persist (Reynolds et al. 2001) . There have been a number of cases in which harvests exceeded the MSY levels or the MSY was miscalculated, leading to population collapses that have been disastrous for the harvested species and for the economic actors using the resource (Hutchings and Reynolds 2004) . Alternative formulations based on similar principles of sustaining both the population and the economic activity include commercially viable population numbers (Lovejoy 1996) and optimum sustainable yield (Lande et al. 1997) . These methods could be extended to set target levels that sustain not just the demographics, but also the ecological functions, of a population. However calculated, consumptive uses provide profound economic benefits that are critical components of the argument to conserve some animal species. If properly managed, consumptive use can be compatible with conservation goals (Fryxell et al. 2001 ) and even enhance conservation outcomes, though for some these benefits are not worth the ethical cost (Regan 2006) . Animals also provide nonconsumptive economic benefits to people. The worldwide benefit of ecosystem services has been estimated to be larger than the entire human economy (Costanza et al. 1997) . Services provided by wildlife include seed dispersal, nutrient redistribution, landscape architecture. and pollination. Wildlife also provides tourism opportunities that contribute to local and national economies by generating revenue directly from user fees, guide services, food sales, and accommodation rentals, and indirectly through knockon economic effects. Consideration of nonconsumptive uses in setting PTLs dovetails nicely with other considerations for setting target levels, such as how aesthetic properties of animals benefit tourism and how ecological functions contribute to ecosystem services.
Cultural benefits. Animals are valuable to people not only because they provide economic benefits, but because they have also been incorporated into our sense of place and enshrined in long-standing cultural practices (Shepard 1996) . Many of these practices require finding animals in the wild and interacting with them in some way; thus, animal populations that satisfy such cultural benefits must be abundant enough that the humans can encounter them at desired frequencies. Integrating ethnographic analysis of encounter rates over areas of cultural use could yield a PTL, and in fact many recreational managers do just that, through formal and informal means (e.g., Barnhart [1989] describes techniques for setting target levels for "recreationally viable populations" of fish).
Aesthetic benefits. Many people find nature beautiful, and that response motivates conservation (Wilson 1984) . It is not clear, though, how many animals are needed to satisfy an aesthetic need, for even one animal can be beautiful on its own. It is also true that animals in great abundance create worldrenowned spectacles (e.g., monarch butterfly aggregations, wildebeest in the Serengeti, gazelles in Mongolia). How many animals make a spectacle? The number should be at least enough to confound expectations, though in our world of diminished expectations of nature (given shifting baselines, sensu Jackson 2001) , that number might be low indeed. To the extent that these phenomena are manifestations of social dynamics, the level may be determined through social behavior of the animal and psychological study of people. Surveys of aesthetic preference at different population sizes might also suggest PTLs for particular species.
Spiritual benefits. Wild animals are not only valuable and beautiful; they also contribute to human spirituality and have done so for a long time (Kellert and Farnham 2002) . How many animals do we need in order to feel connected to them? Some, certainly, and for some people, connection may depend on the population persisting, evolving, and functioning across the landscape as the animals they are. Tigers in a cage do not satisfy; they do not suggest the spirit of "tigerness" in the same way that tigers in the forest do. For some people, knowing that tigers are "out there" might be enough, but other people may need to observe them, if only through tracks and sign (e.g., claw marks on a tree) or the occasional fleeting glimpse. In other cases, the spiritually based PTLs may need enough animals so that they can be tracked, hunted, and respected in traditional ways.
Ethical values. Most of the world's religions contain elements of stewardship, respect, and restraint toward the natural world (Callicott 1994) . As a result of religion and of philosophy, many people feel that human beings have an ethical obligation to animals and other parts of nature. Some ethicists argue that nature has intrinsic value, as differentiated from the instrumental values nature provides in ecosystem or economic benefits; this belief implies that humans should do no harm to other species just as we should not harm other people. Some take these ethical obligations a step further, insisting that animals have the right to live free of all suffering caused by humans (Regan 2006) .
A PTL based on ethical codes will depend on the specifics of the ethical position. Does intrinsic value extend only to the persistence of an animal population? If it does, then a goal of demographic sustainability may be sufficient. Or does intrinsic value include interactions? Then the ecological integrity of the population, with respect to function or sociality, must be maintained to some degree. Do our ethics include instrumental values that are manifest in surrogate and human benefits? What do we owe the world for our success in it? What is the proper role of humans in nature? Indeed, all of the ways of setting PTLs discussed in this article derive from ethical positions and reflect the differing values humans place on animals. What seems important, then, is clearly articulating our value systems and ethical positions as a part of saying what we hope to achieve through conservation. Science, to a greater or lesser extent, can inform what the numbers are, once we are clear on our ethical basis, but is less satisfactory in informing what ethical position to hold. The good news is that, although the ethical underpinnings of conservationists' arguments may vary, the actual numbers of animals we hope to conserve may be convergent across approaches.
How many animals do we want to save?
Practicing wildlife conservationists are often surprisingly vague when answering the question: How many animals do we want to save? In part that is because there are many potential answers to the question, and the answer may depend on who is asking. In part it is because the conservation of wildlife is not solely-or even mainly-an intellectual question, but is tightly bound up in our ethics, economics, aesthetics, spiritual life, and recent history as a species on Earth. Moreover, some biologists may be worried about making a claim, given the lack of data with which it can be supported. Managers may fear that having once stated a target level, they will be held inflexibly accountable to it, even as circumstances change.
This article reviews some of the approaches people have used or could use to set PTLs for animal conservation. One obvious conclusion is that there are clearly many different outcomes, from evolutionary potential to spiritual satisfaction, that people want from animals. In other words, conservation does not have one unified goal, but potentially many different goals, depending on who is doing the conserving. Science does not directly inform which PTL is preferable, only what the consequences of different choices might be and how they might be reached. Human values, set against social and ecological possibilities, ultimately determine how many individuals of a population "should" be conserved.
An example of the complicated interactions between different value systems can be seen in the laws and international conventions presented in table 4. These laws and conventions provide a wide range of answers to the question of how many animals we should save, reflecting the many different benefits that people want from animals and the different compromises that groups of people have reached in pursuing these benefits.
Not surprisingly, different values, expressed as different goals, lead to disagreement over how and why to set PTLs. Social mechanisms for resolving disagreements sometimes result in PTLs being set by formal judicial systems; in other cases, informal social and political processes lead to determination of "wildlife stakeholder acceptance capacity" (Decker and Purdy 1988) , that is, the number of animals the public is willing to accept. Science can inform this process through application of theory and collection of appropriate data, leading to somewhat replicable answers, though for some goals our values continue to outpace our science. The procedures and results of social and political processes are considerably less predictable and generally less repeatable. The result is often compromise, or worse, indecision and delay.
A unified approach to setting population target levels for animals This article shows that most approaches to setting PTLs (excluding deliberate extirpation) can be said to seek at least demographic sustainability (table 3) . The prevalence of PVA most likely arises out of the consensus that can be reached at this level. Also, demography has a longer scholarly history and is more tractable in many ways than other aspects of animal ecology (e.g., behavior, ecological function, landscape use) that can be used to set PTLs. It is certainly more tractable than the complicated social relationships people have with animals.
Demographic sustainability, in my view and the view of increasing numbers of other conservationists (e.g., Redford and Feinsinger 2001 , Peery et al. 2003 , Soulé et al. 2003 , should be seen only as a threshold requirement, a "necessary but not sufficient" level for most targets. Shaffer (1981) , in coining the term "MVP," emphasized that MVPs are minimum viable populations. Having animals acting like animals, not just persisting, seems the standard that conservationists should seek. Ethical, spiritual, aesthetic, landscape, functional, and umbrella approaches to PTLs would all be satisfied if wild animals were free to pursue their lives and their interactions with the environment, including other species, relatively free from human-caused mortality and interference. Thus the next logical step in the specification of PTLs might be to include interactions, including ecological functions and social dynamics, along with demographic requirements. Karr (1991) coined the term "biological integrity" to describe the interrelated but diverse attributes of conserved freshwater systems; here, we might adopt a similar term for the proposed synthesis of function, behavior, and demography to set PTLs for the "ecological integrity" of animal populations.
Economic uses are not necessarily incompatible with these other PTL specifications, but they do arise from a different basis, and may require an allotment of individuals above and beyond the number required to ensure a self-sustaining, interacting population, especially for consumptive uses. This requirement is in keeping with standard practices for determining maximum sustainable yield, for example, except that the base condition is not sustainability, but unchecked ecological integrity.
Finally, history provides a guide as to what is possible for the natural world. In times before the rise of modern industrial society, with its infrastructure, resource extraction, and access to the world's wild places, many more animals were living with us on planet Earth. For the most part, we simply do not know what we have lost (Jackson 2001) , having destroyed directly and indirectly so many of our fellow creatures. It does seem clear that the long human history of living with a vibrant and full natural world has shaped humanity profoundly (Wilson 1984 , Shepard 1996 , but that experience of nature is much reduced for most people today. Moreover, our expectations of nature have shifted (sensu Jackson 2001), and with changed expectations has come a change in what we expect of ourselves. Restoring nature to what it once was may help restore us as well (Callicot 1994, Kellert and Farnham 2002) .
All this suggests that there is no one-size-fits-all PTL, but it does lead to recommendations along the lines of a fourtiered system, as follows. (1) When first confronting a conservation situation, a premium should be placed on achieving demographic sustainability. (2) As the situation improves, our focus should shift to ecological functions, behavioral aspects, and other ways in which the population "lives large," that is, performs functions beyond those required for persistence: for example, interacting with its ecosystem, evolving over time, and expressing its social dynamics, including the strange and spectacular. (3) After conservation has been ensured, our population management should aim for margins that provide Act, 1972 "Optimum sustainable population is a population size which Maximum population, falls within a range from the population level of a given species economic benefits or stock which is the largest supportable within the ecosystem to the population level that results in maximum net productivity." US Magnuson-Stevens Fishery Conservation "'Conservation and management' refers to...measures (A) which Economic benefits, aesthetic and Management Act, 1996 are required to rebuild, restore, or maintain...any fishery resource benefits, cultural benefits, and the marine environment; and (B) which are designed to assure landscape representation that (i) a supply of food and other products may be taken, and that recreational benefits may be obtained, on a continuing basis; (ii) irreversible or long-term adverse effects on fishery resources and the marine environment are avoided; and (iii) there will be a multiplicity of options available with respect to future uses of these resources." Convention on Biology Diversity, 1992 " for consumptive uses compatible with the traditional and economic uses of wildlife and do not endanger the ecological integrity of the population. (4) Finally, we should seek historical levels, based on reliable past references that provide long-term protection against regular disturbance and catastrophic events, anthropogenic or otherwise, and satisfy ethical concerns regarding undue human influence on nature. Moving through these four criteria may lead to higher target levels at each tier (demography < ecological integrity < allowance for consumption < past history), but this may not always be the case. However, together these four satisfy nearly all the goals people have for their relationship to animals (table 3) .
Assigning numbers to these four tiers is not easy, but two insights emerge from my analysis of rules of thumb and analytical methods on how to proceed (table 2) . First, when setting PTLs, it is helpful to have reference conditions, preferably taken from large, effective protected areas, or, if no such areas exist, from the historical record (Egan and Howell 2001) . Once our values are clear, these references provide the easiest way to know what population target levels should be. Second, one could adaptively manage for more animals while simultaneously monitoring the covariate of interest, whether that is seed dispersal (an ecological function) or spiritual satisfaction. Adaptive management provides a flexible tool that can allow managers to home in on the desired goals, including population size and density (Walters 1986 ). PVA and various types of modeling and empirical research round out the suite of techniques available to managers (Beissinger and McCullough 2002) .
While presenting these recommendations, I acknowledge the larger problem that we are losing flexibility globally in making choices between different PTLs. Given the loss of range for many species, the extent of the global human footprint, and the accelerated rate of species declines, humanity will soon not have the luxury to argue about what the desired population levels should be; conservationists will just settle for whatever we can get, if we get anything at all (Gilpin 1996) . Human society needs to recognize, now and into the foreseeable future, that we are making the decisions about how many animals live with us, and thus to make those decisions from a carefully considered, ethically consistent, and clearly articulated view of what we want from nature. Table 5 . Cross-tabulation of the four-tier system for setting population target levels against 18 other approaches. 
Note:
The cross-tabulation shows whether the tiers in the column headings are necessary to meet the population target level in the row but not sufficient (N), or necessary and sufficient (S). As a mnemonic device, the four tiers might be abbreviated "DEAP," for demography, ecology, allowance, and past.
a. These population target levels may require specification of density as well as overall population size.
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